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Information on the cost of chronic conditions to counties can help community members understand the scope of the problems facing the people in their region and identify high priority areas to target interventions and programs. As the primary organization responsible for monitoring the health of the people in the region, local health departments (LHDs) are expected to play an increasingly important role in combating the spread of chronic diseases in the future. 3 Accurate estimates of the rates and costs of chronic conditions can help LHDs identify the amount of health care expenditure that could be saved if chronic conditions were prevented or controlled, information that is vital to identifying and planning cost-effective prevention and control efforts.
The goal of a costing study is to report only the costs associated with a condition (the "attributable" or "marginal" costs). 4 Estimating the attributable cost of care for a particular condition requires differentiating between those costs that are incurred because of a specific condition and those that are incurred for other reasons. From the standpoint of identifying and planning prevention activities, the attributable costs are more relevant than the total costs since they provide an estimate of the amount of health care expenses that could be saved by avoiding a particular condition. This study combines estimates from the Centers for Disease Control and Prevention's (CDC's) Chronic Disease Cost Calculator, 5 with county-level data on rates of 6 chronic conditions and attributable cost of each condition to estimate the burden of chronic conditions in each county.
• Methods
The methodology involved the following steps:
1. Use the CDC's Chronic Disease Cost Calculator to develop estimates of the additional medical expenditure (cost) associated with chronic conditions for the state of California by condition, age group, and gender. 2. Develop a cost per case of each of the chronic conditions in each county of California by adjusting for price differences in health care services between counties. 3. Estimate the prevalence of chronic disease within each county of California by age, gender, and race/ethnicity. We used 5 age strata (0-17, 18-44, 45-64, 64-79, and ≥80 years), 2 gender categories (male and female), and 5 race/ethnicity categories (Hispanic, non-Hispanic white, non-Hispanic black, non-Hispanic Asian, and non-Hispanic other). 4 . Combine estimates for the rates of chronic conditions with county-level census population data (by age strata, gender, and ethnicity) to form estimates for the number of cases of chronic conditions in that county. 5. Estimate the total additional cost of each chronic condition in each county by multiplying and then adding the cost per case of each chronic condition in that county by the number of cases for each of the 6 chronic conditions in that county.
The research was provided an exemption from the institutional review board at the University of California, Merced.
Data sources Cost estimates from the CDC Chronic Disease Cost Calculator
Estimates of the medical payments attributable to each chronic condition were estimated using the CDC Chronic Disease Cost Calculator, Version 2 (referred to as the CDC Cost Calculator). 5 The CDC Cost Calculator provides state-level estimates of medical payments for arthritis, asthma, cancer, cardiovascular diseases (CVDs), depression, and diabetes by age group and gender. Because CVD is such a broad category, when estimating CVD, the CDC calculated costs of congestive heart failure (CHF), coronary heart disease (CHD), hypertension, stroke, and other heart diseases separately. The estimates are provided by gender for 5 age bands or strata: (1) 0 to 17, (2) 18 to 44, (3) 45 to 64, (4) 65 to 79, and (5) 80 years or older. All information used in this report is publically available from the CDC, including tables of the cost of each condition by age and gender for California.
Cost estimates from the CDC Cost Calculator include all additional or attributable medical expenditures for the entire state population (all payers and the uninsured) and include estimates of absenteeism. The estimates were derived from the 2004-2008 Medical Expenditure Panel Survey (MEPS) Consolidated Data Files, 6 a nationally representative survey of the civilian noninstitutionalized population that provides data on annual medical expenditures, sources of payment, insurance coverage, and days missed from work due to illness or injury for each participant. Diseases were defined using ICD-9 (International Classification of Diseases, Ninth Revision) codes based on self-reported diseases that were transcribed by professional coders and reported in the MEPS Medical Conditions files for years 2004-2008 (see Table 1 ). The combined 5-year MEPS sample included 153 012 persons of all ages living in the United States. All expenditure data were inflated to 2010 dollars using the gross domestic product general price index.
To account for multiple chronic conditions and avoid double-counting (ie, overlap of disease costs) of the associated medical costs, the CDC Cost Calculator uses Studyestimates from a 2-stage statistical analysis that generates estimates of cost of multiple conditions. The resulting estimates of the costs of arthritis, asthma, cancer, CHF, CHD, stroke, other heart diseases, and depression are thus independent of the other conditions, although the cost estimates for hypertension and diabetes do include the costs of complications such as CHD, CHF, and stroke. The costs of hypertension and diabetes are therefore not mutually exclusive of the costs of other reported diseases. We report the estimated cost of CHF, CHD, stroke, and hypertension separately but report only the combined cost of CVD that includes these 4 conditions (we do not estimate costs for other heart diseases).
Adjustment of cost of chronic conditions by county
The CDC Cost Calculator provides estimates of the average attributable cost for each chronic condition at the state level by age strata and gender. To account for differences between counties in the cost per case due to variations in the price of health care services across the state, prices were adjusted using the Geographic Adjustment Factor reported by the Institute 7 The Geographic Adjustment Factor takes account of geographic differences due to 3 factors: cost of physician services, practice expenses due to location (eg, rent and cost of operating a facility), and geographic differences in malpractice or professional indemnity. The Geographic Adjustment Factor, which divides California into 9 distinct regions for which geographic practice cost indexes are calculated, was applied to the cost estimate for each condition, age, and gender for each region of California. The cost adjusters, ranging from 1.0323 to 1.1817, were applied to the cost estimates from the CDC Cost Calculator.
Prevalence rates for California
Estimates of the prevalence of the 6 chronic conditions of interest for California were derived from a variety of data sources, including AskCHIS online query system for the California Health Interview Survey 8 and SEER (Surveillance Epidemiology and End Results)-Medicare data. 9 The rates summarized in Table 1 were derived from 3 sources: AskCHIS, 8 SEER-Medicare data, 9 and the American Diabetes Association. 10 The number of cases was derived by multiplying the prevalence rates by the population per county as obtained from the 2010 Census. State-level prevalence rates for (a) arthritis, (b) asthma, (c) CVD, and (d) diabetes were obtained from the 2011 to 2012 California Health Interview Survey (CHIS). The CHIS is a representative population-based, random-dial, health survey of noninstitutionalized individuals in California 12 that is used to estimate prevalence rates for various health conditions at the state level and for large-and medium-sized counties at the county level (smaller counties are grouped together). 13 State-, regional-, and county-level estimation of various diseases and health-related behaviors surveyed in the CHIS can be obtained from the online Web tool AskCHIS.
14 Because the 2011-2012 CHIS sample size was too small to obtain county-level prevalence rates for each age strata by race/ethnicity and gender, the analysis was conducted with state-level prevalence rates (rather than county-level rates).
Because the CHIS does not ask children and teens certain health questions, the prevalence for arthritis, CVDs, and diabetes for individuals aged 0 to 17 years was not available from the AskCHIS query system. We obtained diabetes prevalence rates for individuals younger than 20 years from the American Diabetes Association 2011 National Diabetes Fact Sheet. 10 We could not obtain prevalence rates for arthritis or CVD for children or teens, so we set the prevalence at zero in our estimations.
Cancer prevalence for each age strata by race/ethnicity and gender was calculated for each of the 58 California counties using the program SEER Stat and 2009 and 2010 SEER (written communication, January 31, 2014). 9 The county-level prevalence rates were estimated for the following strata to match the age groups used by SEER: 0-19, 20-44, 45-64, 65-79, and 80 years or older. Because of small sample sizes, no estimates were available for small counties or small demographic subgroups within counties. Small counties were therefore combined and average rates applied to each small county. 
Population estimates

Compiling the cost estimates
The estimated cost of each chronic condition in each county of California was derived by multiplying: r Estimate of the attributable cost for the age and gender for each condition ( Table 2 ) adjusted for prices in the county; r Prevalence of the condition by age group and gender for each county; and r The number of people in each county by age, gender, and ethnicity.
This procedure resulted in estimates of each of the 6 conditions for each of the 58 counties by age, gender, and ethnicity. These estimates were then combined to calculate a total attributable cost per county. To provide counties with information on the relative importance of chronic diseases to their county, the results also report the percentage of their total health care expenditure that is due to chronic diseases. The total health care expenditure for each county was calculated by multiplying the population in the county by the average estimated health care expenditures for each person in California in 2010: $6238. 15 • Results Table 3 summarizes the results for California. Overall, there are more than 28 million cases of chronic conditions in California, with the most common being CVDs (36.4%), followed by arthritis (19.4%), asthma (14.2%), and depression (11.7%). Cancer is the least commoncondition (3.3%), with diabetes also being relatively infrequent. These 28 million cases do not suggest that 28 million people have a chronic condition, since people can have more than 1 chronic condition. On the basis of previous studies suggesting that 14 million (39% of the population) Californians have at least one chronic condition, 16 the estimates reported here suggest that these 14 million people have an average of nearly 2 chronic conditions (28 million conditions divided by 14 million people with a chronic condition).
The total cost for each condition and the percentage of the cost to overall health care expenditures in California are also shown in Table 3 . Befitting its prevalence in the state, CVD is associated with the greatest expense, with more than $37 billion spent annually, or 16% of all health care costs in California. Despite its prevalence (14.2%), asthma has the lowest overall cost, contributing approximately 4% to the total health care expenditure. And cancer, despite its relatively low prevalence, is similar to the total health care expenditures of other conditions ($13 billion, or 6% of total costs). Overall, the additional cost of treating chronic conditions is $98 million or approximately 42% of all health care expenditures in California.
The cost differences between counties (Table 4 ) reflect their relative populations, ethnicities, price adjustments, and rates of chronic conditions, with total costs varying from a high of $23 billion for Los Angeles County, $8 billion for Orange and San Diego counties, and $5 billion for Riverside County to $3.5 million for Alpine County and $12 million for Sierra County. Relative to the estimated total cost of health care in the county ($6238 per person in 2010), 11 counties with the estimated lowest spending on chronic conditions tend to be those with the youngest populations, including Kings and Kern counties (32% and 34% of total, respectively) whereas the counties with the highest spending have an older age distribution, including Amador (62%), Marin (61%, and Tuolumne (63%) counties.
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TABLE 4
• Cost of Chronic Conditions-By County in 2010• Conclusions
Summary
The purpose of this report was to estimate the cost of chronic conditions for each county in California. We combined estimates from the CDC Cost Calculator of the cost per person for each of 6 chronic conditions-arthritis, asthma, cancer, CVD, diabetes, and depression-with prevalence rates and census data from counties in California to develop estimates of the number of cases in each county and the cost associated with these conditions. The results suggest that approximately $98 billion is currently spent on treating chronic conditions in California. This represents approximately 42% of all health care expenditure in the state.
Previous studies have estimated the cost of chronic conditions at the national level, [17] [18] [19] [20] with some estimates also available for individual states. However, while individual counties have attempted to estimate the cost of chronic conditions in their region (eg, San Diego County 21 ), this is the first attempt to estimate the cost of chronic conditions for multiple counties in a state. Because the CDC Cost Calculator provides estimates of the attributable or additional cost of the chronic conditions, the estimates represent the amount that could be saved if chronic diseases were eliminated or reduced.
Understanding the savings that could be made through enhanced prevention activities is important for LHD planning. Under the Affordable Care Act, many previously uninsured people now have access to affordable prevention services. This provides a unique opportunity for LHDs to reduce the future burden of chronic conditions by investing in or helping people gain access to effective prevention activities. But because budgets are likely to remain limited, LHDs must identify prevention activities that are "worth the money," meaning that they need to identify whether the health outcomes from a prevention activity justify the investment they will have to make. For instance, since 2007, the CDC has made a program called PRISM (Prevention Impacts Simulation Model) available to help local health officials understand the health and cost outcomes from a number of interventions, including medical care (14 separate interventions), smoking (n = 5), nutrition and weight loss (n = 8), physical activity (n = 4), emotional distress (n = 2), and particulate air pollution (n = 1). 22 The diseases and conditions modeled in detail include heart disease, stroke, diabetes, hypertension, high cholesterol level, and obesity, and the model also accounts for cancers and respiratory diseases related to smoking, obesity, poor nutrition, and physical inactivity. Combining this type of information with the cost of the condition can provide LHDs with an understanding of their return on investment from possible prevention activities.
The estimates derived in this study differ somewhat from the estimates from the CDC regarding the cost of chronic conditions. As summarized in Table 5 , the overall cost estimate of $98 billion is approximately 14% higher than the CDC's estimate of $87 billion for California. While the estimated cost of each chronic condition was the same (Table 2) , the prices were adjusted to account for differences between counties (Table 4) . Most significantly, the prevalence rates used in the current study differed significantly: the CDC estimates relying on prevalence rates from the MEPS compared with the use of AskCHIS in this study. The Californiaspecific AskCHIS rates were determined by an advisory group of regional experts as being more accurate than the MEPS rates. However, because the CHIS relied on self-reports of chronic conditions whereas the MEPS used ICD-9 codes from clinical diagnosis, the rates do differ, sometimes significantly ( Table 1) . The difference in prevalence rates translates into differences in costs, with the largest difference being the estimated cost associated with asthma ($6 billion higher than the CDC estimate). Neither approach is without its limitations (the MEPS having a relatively small California sample size, the CHIS relying on self-reports) and thus the results might best be viewed as providing a different perspective on the costs of chronic conditions in California. Finally, the calculation of the percentage of cost attributable to chronic conditions (Table 3) should be interpreted with caution since the total cost was derived from a different estimate (Centers for Medicare & Medicaid Studies National Health Expenditure Accounts) than the cost estimates (derived from the MEPS).
Limitations
As this was the first attempt to adapt the CDC Cost Calculator to estimate costs at the county level, the study encountered a number of methodological issues. These include the following:
Accuracy of county prevalence rates: The majority of prevalence rates were obtained from the CHIS. While the CHIS is widely respected and commonly used, the sample size for 1 year is not large enough to produce reliable estimates for some groups (especially in some underserved regions) and reliance on self-reported diagnoses (as opposed to medical records as does the MEPS) raise questions about the accuracy of the estimates. Additional study is needed to develop adjusters for county-level rates. In addition, because the CHIS does not include for Californiapeople in institutional care, the costs reported are underestimates of the total cost. Finally, while it was not possible to develop standard deviations or confidence intervals given the components of these estimates (eg, CDC cost estimates and census data), additional analysis might explore using probabilistic sensitivity analysis to explore the robustness of the results to changes in key parameters.
Accuracy of estimates for small counties/younger ages:
The cost calculations likely underestimate the cost of chronic disease for individuals aged 0 to 17 years and for small counties or small demographic subgroups. Because the CHIS does not ask children and teens certain health questions, it was not possible to determine the prevalence for arthritis and CVDs, as well as for diabetes for individuals aged 0 to 17. As cancer prevalence rates were obtained by strata, race/ethnicity, and gender for each of the 58 California counties using SEER data, small populations in some counties or demographic subgroups within counties made it necessary to pool the small counties when determining cancer rates. Adjusting for differences in health services usage between counties: The estimates shown earlier account for differences in the cost to counties based on age, gender, prices in the region, population in the region, and (to some degree) rates of chronic conditions per county. Left unaccounted for are differences in the intensity of health care usage for a given condition. This can arise because of differences in the availability of medical facilities, differences in practice between regions, and differences in ability to pay.
A reliable source of data on health services usage in California is the state hospital (OSHPD) data. This data set contains all hospitalizations for the state in a given year. Estimating differences in rates of hospitalizations will give an indication of the differences in hospital use between counties. A thorough estimation of the differences between counties in health services usage was not feasible for this study, thus suggesting that differences between counties may be understated, with counties with relatively few health services (ie, medically underserved regions) likely to exhibit lower overall costs of care whereas those in more affluent areas likely to exhibit higher overall costs.
Implications
This study represents an initial attempt to estimate the cost of chronic conditions in counties in California. Additional information is needed to help counties identify the return on investment from prevention activities, including the health gains that would result, the parties that would incur additional costs and those who would financially benefit, and the health care providers and other organizations that would need to be involved to make the prevention activities successful. Having accurate estimates of the cost of chronic diseases provides LHDs with an understanding of the challenges facing the people in their region. Information on the burden chronic conditions place on each provider (eg, private insurers, Medicare, and Medicaid) will provide more accurate estimates of the amount of expenditure that each funder could avoid by engaging in prevention activities. As more people are covered by some form of health insurance in California, there is an opportunity to expand prevention services, especially to vulnerable and at-risk populations. This expansion will require increased planning and organization, particularly from local public health departments, as reducing the number of individuals with chronic disease will take not only individual-level prevention services but also institutional-and population-level interventions. Information on the economic cost of chronic conditions is important for planning prevention and control efforts, as it provides decision makers with an estimate of the amount that could be saved if chronic conditions were prevented or controlled.
